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AbsB'act--New data is presented for horizontal air/water two-phase flow having various flow regimes. It 
is shown that drift-flux models are able to correlate these data and that the drift velocity, VGj, is normally 
finite. 
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INTRODUCTION 

The drift-flux model has been widely used for the calculation of void fraction and other constitutive 
relations in vertical gas/liquid two-phase flows. However, the model proposed by Zuber & Findlay 
(1965) is a general model which does not depend explicitly on conduit orientation. Nevertheless, 
the drift-flux parameters Co and Vcj, should depend on the flow orientation and flow regime in 
gas/liquid flows. 

For vertical flows, the drift velocity, Vcj, results from a balance between the local interfacial drag 
and the buoyancy on the dispersed phase. This is not the case for horizontal flows. The drift velocity 
in these flows is related to the phase distribution and to the local slip resulting from the lateral 
and axial pressure gradients. Moreover, in separated horizontal flows the structure of the interface 
determines the drift-flux parameters. 

A review of the literature shows that two different methods have been used to correlate the void 
fraction (or equivalently, the liquid holdup) in a horizontal two-phase flow. A completely empirical 
approach was used in the works of Armand (1946), Lockhart & Martinelli (1949), Beggs (1972), 
Gouvier & Omer (1962) and Spedding & Chen (1984), among many others. In those works the 
independent variables chosen to show the relationship between the void fraction and flow 
parameters can, as discussed by Butterworth (1975), be deduced from a simple homogeneous 
model. A particular set of variables which have been successfully used are the gas/liquid volume 
fraction ratio, (g ) / ( 1 -  (e )), and the gas/liquid superficial velocity ratio, (J6)/(,JL). These 
parameters are a particularly good choice for correlating data in which there is a large difference 
between the superficial velocities (i.e. for the wavy/stratified and annular flow regimes). 

Phenomenological models have also been developed to calculate the void fraction in horizontal 
flows. When applied to particular flow patterns, these models attempt to overcome the limitations 
related to completely empirical models and extend the results to a broad range of pipe sizes, fluid 
properties and flow conditions. The models of Taitel & Dukler (1976), Nguyen & Spedding (1977), 
Cheremisinoff & Davis (1979), Chen& Spedding (1983), Andreussi & Persen (1987) and Hart et al, 
(1989) are typical of the phenomenological approach. Despite the mechanistic basis of the 
phenomenological approaches, all of these models still depend on empirical parameters, and show 
good agreement with experiments only for limited flow conditions. 

ANALYSIS 

Another phenomenological approach, which has been widely used for vertical two-phase flows, 
but not for horizontal two-phase flows, is the drift-flux model (Zuber & Findlay 1965). It is the 
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Figure 1. Flow pattern in wavy-stratified horizontal gas/liquid flow (cross-sectional view). 

purpose of  this paper to discuss how data from horizontal gas/liquid flows can be correlated using 
a drift-flux model. To this end, new horizontal two-phase flow data were taken. To validate these 
experiments and better define the trends observed, these new data were compared to other data 
and the results from many of the correlations and models mentioned above. 

The Zuber-Findlay (1965) drift-flux model implies a linear relationship, between the average gas 
velocity, (VG)o, and the average volumetric flux ( j ) :  

(JG) 
(VG)6 - (s-"'-f - Co( j )  + VGj. [1] 

In [1], (VG)G is the averaged gas velocity (Lahey & Moody 1977), (J6)  is the superficial gas velocity 
and ( s )  is the global void fraction. The volumetric flux, ( j ) ,  is the sum of the gas and liquid 
superficial velocities (i.e. ( j )  = (J6)  + (JL)). The so-called distribution parameter, Co, and the drift 
velocity, VGj, are defined as 

<sj> 
Co = - -  [2] <s ><j> 

and 

V~j = (s(vo - j ) )  (s(1 - S)Vr) ( ~ )  -- ( ~ )  [3] 

The symbol ( ) represents averaging over the pipe cross-sectional area and vr is the local relative 
velocity, (VG -- V0. Correlating data using [1] is appropriate for quasi-steady flows having superficial 
velocities which are similar in magnitude (e.g. for intermittent flows). In contrast, for separated 
air/water horizontal flows, the ratio (JG)/(JL) can be so high that the usual graphical method for 
determining Co and VGj does not show sufficient sensitivity to changes in (Je). 

For such cases, [1] can be rewritten as 

1 - C o ( s )  1 
- -  (Co(jL) + VGj) [4] 

(s )  (Jo) 
or, if the drift velocity, VGj, is given by (Lahey & Moody 1977) 

[4] m a y  be rewritten as 

voj = v ~ j - ( C o -  1 ) ( j ) ,  

1 - C 0 ( s ) _  1 

(e) (Jo) 
- -  (Co( jL)  + v 3 j -  (Co - 1 ) ( j ) ) .  

The  generalized drift velocity, V~j, is related to the phase-averaged relative velocity by 

[5] 

[6] 

V~j = (1 - ( s ) ) ( ( v o ) a  - (VL)L) • [71 
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Gauge Flow 
pressure (Jo) <JL> (j)  (~) (Vo)o Co regime 
(mH20) (m/s) (m/s) (m/s) (%) (m/s) (stratified) 

0.00 3.06 0.0056 3.07 93 3.29 1.07 Smooth 
0.00 3.12 0.0166 3.14 89 3.53 1.12 Smooth/wavy 
0.20 9.61 0.042 9.65 89 10.84 1.12 Wavy 
0.26 15.57 0.042 15.61 92 16.89 1.08 Wavy 

To evaluate [6], one must specify the distribution parameter, Co, and the generalized drift velocity, 
V~j. The specification of Co requires that one know the phase distribution. Unfortunately, this is 
not generally known. Nevertheless, based on an analysis of  idealized horizontal flows it is possible 
to estimate limiting values for Co and to infer the trend as the flow variables change. To accomplish 
this, let us follow an approach similar to that adopted by Nguyen & Spedding (1977), and consider 
three different regions for the wavy-stratified flow shown in figure 1. From the definition of  Co, 
we can write 

1 ( I  e jdA+fA e jdA+fA ejdA), [8] Co = Ax.,(e)(j> \JXo , L 

where the subscripts G, L and m denote the all gas, all liquid and mixture regions, respectively, 
and A,., is the pipe's cross-sectional area. 

If  there is no vapor carry-under, the integral over the all liquid region vanishes (since e = 0 there), 
and if one assumes a very thin mixture region compared to the pipe section (i.e. Am/Ax., ~ 1), which 
is characteristic of  stratified flow, Co is well-approximated by 

Co ~ (vo)o/<j). [9] 

To calculate Co from [9] for a given gas and liquid flow rate, the void fraction has to be calculated, 
since <vo)o = <Jo)/(e ). The void fraction in a stratified flow is related to the forces acting on the 
liquid and gas phases. For steady, fully developed horizontal two-phase flows, the interfacial drag 
is balanced by the axial pressure gradient and shear stresses at the wall. The equations expressing 
this balance can be simultaneously solved if reasonable assumptions are made (Taitel & Dukler 
1976). If  the liquid film has a smooth surface, the gas can be considered to flow in a smooth pipe 
and the stratified liquid level or, equivalently, the global void fraction, can be given as a function 
of  X 2, 

( e )  = (e(Z2)),  [10] 

where X 2 is the well-known Martinelli parameter, which is the ratio of the liquid/gas pressure 
gradients based on their respective superficial velocities. The specific functional form in [10] depends 
on their respective superficial velocities and whether the single-phase gas and liquid regimes are 
laminar or turbulent. Andreussi & Persen (1987) compared [10] to their measurements. For 
stratified-smooth flows they found good agreement. Values for Co, calculated from [9] and [10], are 
shown in table 1 for some stratified flow data taken in our experiments. As can be seen, reasonable 
values of  Co are predicted. 

It is worthwhile mentioning that the Taitel-Dukler (1976) model is known to underpredict the 
global void fraction in the wavy region. As a consequence, the values for Co given in table 1 for 
that flow regime may be somewhat lower than actual. Nevertheless, considering that the values 
obtained for Co are near unity, [6] can be approximated as 

<e> ~ 1 <JG) [11] 
1 --  < e )  - (1 + K )  <JL>'  

where 

K = (V'oj>/<jL). [12] 

Equation [1 l] can be conveniently used to correlate data for horizontal stratified-smooth, wavy and 
annular flow regimes. Obviously, the closer Co is to unity, the better the results. 
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Table 2 

Gauge 
Run pressure (Jo)  ( A )  (~)  
No. (mH20) (m/s) (m/s) (%) Flow regime 

1 0.00 1.564 0.0056 65.0 Stratified-smooth/wavy 
2 0.00 2.086 0.0056 73.4 Stratified-smooth/wavy 
3 0.00 2.607 0.0056 81.8 Stratified-smooth/wavy 
4 0.00 3.129 0.0056 88. I Stratified-smooth/wavy 
5 0.00 3.650 0.0056 89.5 Stratified-smooth/wavy 
6 0.00 2.086 0.0166 65.7 Stratified-smooth/wavy 
7 0.00 2.607 0.0166 71.3 Stratified-smooth/wavy 
8 0.00 3.129 0.0166 81.8 Stratified-smooth/wavy 
9 0.00 3.650 0.0166 83.2 Stratified-smooth/wavy 

10 0.00 4.172 0.0166 84.6 Stratified-smooth/wavy 
I 1 0.00 5.215 0.0166 87.4 Stratified-smooth/wavy 
12 0.00 2.067 0.0299 67.1 Stratified-smooth/wavy 
13 0.00 3.129 0.0299 72.0 Stratified-smooth/wavy 
14 0.00 3.650 0.0299 74.8 Stratified-smooth/wavy 
15 0.02 9.616 0.0428 90.9 Stratified-smooth/wavy 
16 0.06 12.653 0.0428 92.3 Stratified-smooth/wavy 
17 0.14 15.577 0.0428 94.4 Stratified-smooth/wavy 
18 0.13 I 1.722 0.1257 88.1 Stratifying-annular 
19 0.18 13.665 0.1257 88.8 Stratifying-annular 
20 0.30 17.187 0.1257 91.3 Stratifying-annular 
21 0.49 21.115 0.1257 93.0 Stratifying-annular 
22 0.26 6.494 0.2771 79.0 Stratifying-annular 
23 0.30 9.851 0.2771 80.4 Stratifying-annular 
24 0.43 13.574 0.2771 83.2 Stratifying-annular 
25 0.62 16.905 0.2771 86.7 Stratifying-annular 
26 1.05 20.124 0.2771 88.8 Stratifying-annular 
27 1.47 23.760 0.2771 91.3 Stratifying-annular 
28 0.20 0.253 0.6596 25.9 Plug 
29 0.22 0.505 0.6596 38.5 Plug 
30 0.25 0.755 0.6596 47.6 Plug 
31 0.27 1.003 0.6596 58.7 Slug 
32 0.27 1.254 0.6596 54.5 Slug 
33 0.27 1.254 0.6596 54.5 Slug 
34 0.25 1.007 0.6596 58.7 Slug 
35 0.22 0.757 0.6596 57.3 Slug 
36 0.22 0.757 0.6596 49.7 Slug 
37 0.21 0.505 0.6596 42.0 Slug 
38 0.20 0.253 0.6596 27.3 Slug 
39 0.25 0.251 0.8256 20.3 Plug 
40 0.27 0.501 0.8256 32.9 Plug 
41 0.29 0.750 0.8256 47.9 Slug 
42 0.33 0.996 0.8256 51.7 Slug 
43 0.35 1.282 0.8256 52.1 Slug 
44 0.38 1.580 0.8256 55.2 Slug 
45 0.40 1.840 0.8256 58.7 Slug 
46 0.40 1.840 0.8256 58.7 Slug 
47 0.38 1.580 0.8256 55.2 Slug 
48 0.35 1.282 0.8256 53.1 Slug 
49 0.33 0.996 0.8256 52.4 Slug 
50 0.41 1.838 0.8256 58.7 Slug 
51 0.41 1.838 0.8256 58.7 Slug 
52 0.41 1.838 0.8256 58.7 Slug 
53 0.41 1.838 0.8256 58.7 Slug 
54 0.43 2.094 0.8256 62.2 Slug 
55 0.43 2.094 0.8256 62.2 Slug 
56 0.43 2.094 0.8256 62.2 Slug 
57 0.45 2.348 0.8256 65.0 Slug 
58 0.45 2.348 0.8256 65.0 Slug 
59 0.45 2.348 0.8256 65.0 Slug 
60 0.13 1.023 0.0056 60.8 Stratified-smooth/wavy 
61 0.14 4.085 0.0428 79.7 Stratified-smooth/wavy 
62 0.14 4.851 0.0428 80.8 Stratified-smooth/wavy 
63 0.16 6. I 19 0.0428 86.0 Stratified-smooth/wavy 
64 0.16 6.629 0.0428 88.1 Stratified-smooth/wavy 
65 0.17 8.145 0.0428 90.2 Stratified-smooth/wavy 
66 0.19 10.489 0.0428 91.6 Stratified-smooth/wavy 
67 0.14 0.127 0.1981 27.3 Plug 

continued overleaf 
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Table 2--continued 

Gauge 
Run pressure ( jo)  (JL) (8) 
NO. (mH20) (m/s) (m/s) (%) Flow regime 
68 0.14 0.127 0.1981 27.3 Plug 
69 0.14 0.127 0.1981 27.3 Plug 
70 0.14 0.127 0.1981 27.3 Plug 
71 0.16 0.127 0.3628 17.8 Plug 
72 0.16 0.127 0.3628 18.2 Plug 
73 0.18 0.127 0.6596 14.0 Plug 
74 0.18 0.127 0.6596 15.4 Plug 
75 0.30 0.249 1.1028 15.7 Plug 
76 0.34 0.497 1.1028 29.7 Plug 
77 0.38 0.766 1.1028 36.0 Slug 
78 0.42 1.048 1.1028 48.3 Slug 
79 0.45 1.324 1.1028 50.0 Slug 
80 0.54 1.327 1.4853 42.3 Slug 
81 0.52 1.049 1.4853 37.1 Slug 
82 0.50 0.778 1.4853 31.5 Plug 
83 0.45 0.521 1.4853 26.2 Plug 
84 0.38 0.259 1.4853 13.6 Plug 
85 0.35 0.128 1.4853 6.3 Plug 
86 0.62 1.890 1.4853 50.3 Slug 
87 0.62 1.890 1.4853 51.4 Slug 
88 0.28 15.335 0.1257 8 9 . 5  Stratifying-annular 
89 0.45 18.992 0.1257 91.6 Stratifying-annular 
90 0.38 11.660 0.2771 8 1 . 1  Stratifying-annular 
91 0.59 15.115 0.2771 8 5 . 0  Stratifying-annular 
92 0.86 18.456 0.2771 8 8 . 1  Stratifying-annular 
93 1.14 22.267 0.2771 9 0 . 2  Stratifying-annular 
94 0.00 4.693 0.0056 93.0 Stratified-smooth/wavy 
95 0.00 5.736 0.0056 9 3 . 7  Stratified-smooth/wavy 
96 0.00 4.432 0.0056 93.0 Stratified-smooth/wavy 
97 0.00 4.172 0.0299 8 1 . 8  Stratified-smooth/wavy 
98 0.00 5.215 0.0299 8 2 . 5  Stratified-smooth/wavy 
99 0.00 6.258 0.0299 8 6 . 7  Stratified-smooth/wavy 

It is important to note that particular forms of [11] have been used previously to correlate data, 
with no physical justification. Also, the same form was analytically derived by Hart et al. (1989) 
for stratified and annular flows, applying a momentum balance to the two phases. In their case 
the equation parameter K was found to be 

K = ( (e ) fLPL/ f iPG)  1/2 

and ft/fi,  the ratio of  the wall friction factor of the liquid phase to the interfaeial friction factor, 
was calculated as a function of (JL). This result is particularly suitable when the liquid and 
interfacial shear stress are the dominant process in the momentum exchange, as they are for wavy 
and annular flows. 

Equations [7] and [12] imply a physical meaning for the parameter K, showing that it is related 
to the relative velocity. Thus, we expect it to be a function of  flow regime and fluid properties. 

D I S C U S S I O N  OF THE E X P E R I M E N T  

A schematic of  the three-phase (air/oil/water) test loop used in this study is shown in figure 2. 
It should be noted that in this study only air and water were used. Most of  the development section 
and the test section comprised a 19 mm i.d. Plexiglas pipe. Some copper pipes of  the same diameter 
were also used and special holders linked them to the supporting I-beam. The development section 
was 187 LID long, so that a fully developed flow was achieved at the site of  the pressure-drop 
measurement taps. The test section itself was 71.5 LID long and the exit section, 55 LID long. The 
mixture was discharged into a separation tank, which was at atmospheric pressure. 

The water was routed to the inlet of the development section via an air/water mixer. As most 
of the water was recirculated in a high-pressure flow loop, the test section received a very stable 
water flow rate. Four parallel-connected calibrated Dwyer Ratemaster flow meters were used to 
measure water flow rate. 



D R I F T - F L U X  T E C H N I Q U E S  IN T W O - P H A S E  F L O W  A N A L Y S I S  793 

A 

V 

10 

0.1 

0.01 

0.001 

RPI data: / 
- a t t a r ,  s m o o t h  wavy  

plug 
slug 

,,, a . m z ~ "  / -  ' 
/ 

/ 
o o 0 0~,~ 

0 o/Or ~ 

/ SLUG PLUG ~) / 
/ 

A 
A 

A 

A A A N V ¢ , ~  

r~ 
X,, 

O \ ANNULAR 
\ 

I 

0.01 0. I ( jo ) , rn l /s  I0  I 00  

Figure 3. A comparison of the RPI data with the model of Taitel & Dukler (1976). 

The air was routed into a mixer after passing through four parallel-connected calibrated Dwyer 
Ratemaster flow meters. Absolute pressure was measured at the inlet of the air flow meters, so that 
proper density corrections could be made. The loop was operated at room temperature, which was 
kept constant by using a heat exchanger connected to house water. The air inlet temperature was 
measured and used to correct the flow meter readings. 

Pressure taps were mounted flush with the pipe for measuring the local pressure and pressure 
drop. A set of calibrated Validyne variable differential reluctance transducers, connected to Carrier 
demodulators, were used. A custom-built acquisition board was used for acquiring, digitizing and 
transferring the data to the memory of an IBM XT computer. The pressures were averaged over 
an appropriate time interval and used to compute the actual gas flow rate at the reference section 
(i.e. the middle of the test section). 

The quick-closing valve method was used for the global void fraction measurements. The 
procedure adopted was to measure the global void fraction at least three times for each flow 
condition, in the wavy, plug, slug and annular regions. The results were then ensemble averaged. 
The accuracy of these results was estimated to be + 5% of point. 

To distinguish between the flow patterns various methods were used. In particular, direct visual 
observation of the phase distribution for low flow rates, observation of the pressure and 
pressure-drop fluctuations on the screen of an oscilloscope and comparison of the averaged values 
of pressure and pressure drop. High speed photography was also used, as required. 

DISCUSSION OF RESULTS 

A set of 200 horizontal air/water data points were taken, for four flow patterns: plug, slug, 
wavy-stratified and annular. For 101 of these points, the void fraction was not measured, the main 
objective being the proper identification of flow patterns. The remaining 99 data points are 
tabulated in table 2. 

Figure 3 shows some points from the set, plotted in a Jo--Jg flOW regime map. The solid lines 
represent Taitel & Dukler's (1976) phenomenological flow regime transitions for a similar system 
operating under the same conditions, using the constant interface friction factor of 0.0142 
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Figure 6. Plug flow data. 

suggested by Shoham & Taitel (1984). The dashed lines represent the flow regime boundaries 
observed in this study. Despite some obvious differences between the data and the theoretical 
model, fairly good agreement was obtained. 

To further demonstrate the correctness of the present data they are plotted in figure 4 with other 
data and correlations found in the literature; good agreement is seen. The other experiments were 
also for horizontal air/water flows, but the pipe diameter and flow conditions were not necessarily 
the same as in the present data. 

Correlations for intermittent flows: plug and slug flow 
To use a drift-flux model to correlate the intermittent horizontal patterns for plug and slug flow, 

one must first differentiate between them. The air bubble in the plug flow is bullet-shaped. Due 
to buoyancy, the bubble travels next to the upper wall of the conduit, and at low rates it shows 
a long tail, since it was driven by the liquid flow. 

As the air flow rate increases, the regime becomes slug flow. The air bubbles between the liquid 
slugs becomes distorted and unstable. The interface of the liquid film on the bottom of the conduit 
is wavy, typical of an air-driven flow. 

To distinguish between plug and slug flow an objective criterion, based on which phase drives 
the flow, was used. The actual gas superficial velocity, (JG), was compared to the gas superficial 
velocity of a hypothetical "homogeneous" water-driven flow, given by ( j~)  = ( e ) ( j ) .  If ( j~)  is 
approximately equal to (Jch), then the flow is said to be plug; otherwise it is classified as slug flow. 
In figure 5 the difference is said to be plug; otherwise, it is classified as slug flow. In figure 5 the 
difference between the superficial gas velocity and the "homogeneous" superficial gas velocity is 
plotted against the void fraction. Points with ((JG) - (Jch)) < 0.05 m/s were classified as plug flow. 
This appears to occur in the range ( e )  ~< 0.50. It is interesting to note that [3] implies that in this 
range, VGj ~ 0. 

In figure 6 data for plug flow is shown in terms of the drift-flux variables, (jG)/(e) and ( j ) .  
The solid line represents the best linear fit. The measured drift-flux parameters, Co and V~j, are 
0.98 and 0.16 m/s, respectively. The distribution coefficient is slightly less than unity, indicating that 
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Figure 7. Plug and slug flow data: (a) plug flow (typical); (b) slug flow (typical). 

the void profile is not completely in phase with the volumetric flux ( ( j ) )  profile. In fact, the air 
bubbles are in contact with the upper conduit wall, thus most of  them are in a region of  lower 
liquid velocity. Interestingly, Vcj > 0 for this horizontal flow regime. 

It was observed that for plug flow the voids move as a unit, driven by the liquid, resulting in 
a small positive drift velocity. This is evident at low liquid flow rates, when surface tension still 
plays a role and the air bubbles shows a long, thin tail next to the upper pipe wall, figure 7(a). 
Our results for plug flow are supported by those obtained by Bendiksen (1984), who did 
experiments with long bubbles in air/water systems. These data show that the relationship between 
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Figure 9. Wavy and annular flow data. 
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Figure 10. Comparison of RPI wavy flow data with the Chcrcmisinoff-Davis (1979) model. 

the bubble velocity and the mixture velocity is linear, and yield Co = 1.045 and Vcj= 0.171 m/s, 
for data taken in a 0.019 m dia horizontal conduit, with the superficial liquid velocity ranging from 
0.3 to 1.5 m/s. It should be stressed that for horizontal flows the drift velocity, Vcj, is not normally 
zero. The fact that many previous authors have assumed it to be zero just highlights their 
misunderstanding of what the drift velocity represents. 

The drift-flux parameters for slug flow, given in figure 8, are distinctly different from those for 
plug flow. The higher value of C0(1.2) and the negative value for Vcj(-0.2 m/s) can be explained 
by the displacement experienced by the gas bubble, its expansion due to a higher pressure drop 
and the liquid velocity distribution in the slug. In figure 7(b) we see that the nose of the bubble 
is displaced toward the center line of the pipe. The local liquid velocity profile is strongly distorted, 
because of drainage, and the liquid underneath the air bubble flows at a lower velocity than in the 
slug in front of it. The location of the peaks in the void and velocity profiles are thus closer, 
increasing the distribution coefficient, Co. The liquid velocity profile in horizontal slug flow was 
measured by Kvernvold et al. (1984). One of their conclusions was that the velocity in the liquid 
film is mainly dependent on the liquid flow rate, while the velocity in the liquid slug increases 
strongly with increased gas flow rate. 

The negative value for the drift velocity for slug flow implies that the local relative velocity, v,, 
is negative. The data obtained by Bendiksen (1984) also show the same trend; a negative drift 
velocity at the highest liquid flow rates. It is worthwhile to mention that Hubbard (1965) and 
Gregory & Scott (1969) correlated slug flow as a linear function Of Vb and <j>, where Vb was defined 
as the bubble velocity. Their values for Co were 1.25 and 1.35, respectively, and the drift velocity 
was set to zero, based on (faulty) physical reasoning. The dotted lines in figure 8 represent their 
correlations. 

Correlations for separated flows: wavy and annular patterns 

In figure 9 the data for wavy and annular flow patterns were plotted using <JL> as a parameter. 
The solid lines represent a best fit for each value of <JL>" AS one would expect from drift-flux 
theory, when the liquid superficial velocity increases the experimental points were best fitted by 
straight lines. The drift velocity, calculated from the equation defining the coefficient K, [12], ranged 
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Figure 11. Comparison of wavy flow data with the Hart e t  al. (1989) model. 
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Table 3 
Flow regime Co V6j(m/s) 
Plug ~- 1.0 0.16 
Slug 1.2 - 0.20 
Wavy-stratified 0.2 for (JL) = 0.005 m/s 

and annular ~ 1.0 2.7 for (JL) = 0.27 m/s 

from 0.2 to 2.7 m/s for (JL) ranging from 0.005 to 0.27 m/s, respectively. For the lower liquid 
velocities, where most points represented stratified-smooth or two-dimensional wavy flow patterns, 
the best fit was obtained with power law curves. 

Since data from other investigators were not available for wavy and annular patterns in the same 
range of flow variables, fluid properties and pipe configuration, results from models and 
correlations were used for comparison. In figure 10 we see a comparison between the present data 
and the Cheremisinoff-Davis (1979) model. The agreement is better for the lowest liquid velocity, 
when the model is evaluated for an interfacial friction factor related to two-dimensional waves. The 
authors have noted an average deviation from measured values ~< 8% for that condition. 

As can be seen in figure 11, the model proposed by Hart et al. (1989), shows very good agreement 
with the present data at the higher liquid velocities. As mentioned previously, this model is 
particularly suitable for the wavy and annular flow regimes observed at those higher velocities. In 
figure 12, data for annular flows, fitted by straight lines, are compared to the Spedding-Chen (1984) 
correlation. It is apparent that the Spedding-Chen correlation shows the wrong trend. 

CONCLUSION 

It has been shown that horizontal two-phase flows can be well-correlated using a drift flux model. 
The standard variables, ( jG) / (e)  and ( j )  can be used for plug and slug flows, while the other 
related variables, ( e ) / ( 1 -  (e)) and (JG)/(JL), are more appropriate for stratified and annular 
flows. An objective criterion was proposed to differentiate between the plug and slug regimes, based 
on the phase which drives the flow. Unique sets of drift-flux parameters, Co and VGj, were obtained. 
The values obtained for the drift-flux parameters are given in table 3. It can be seen that these 
represent a self-consistent set of parameters and verify the validity of the drift-flux model for 
horizontal two-phase flows. 
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